ABSTRACT With the emerging Zika virus (ZIKV) epidemic, accessible real-time reverse transcription-PCR (rRT-PCR) assays are needed to streamline testing. The commercial Altona Diagnostics RealStar ZIKV rRT-PCR test kit (Altona PCR) has been approved for emergency use authorization by the U.S. FDA. Our aim was to verify the Altona PCR by comparing it to the CDC-designed dual-target ZIKV rRT-PCR reference assay (reference PCR) and describe the demographics of patients tested for ZIKV by rRT-PCR in Ontario, Canada. A large set of clinical specimens was tested for ZIKV by the Altona PCR and the reference PCR. Positive or equivocal specimens underwent PCR and Sanger sequencing targeting the ZIKV NS5 gene. A total of 671 serum specimens were tested by the reference PCR: 58 (8.6%) were positive, 193 (28.8%) were equivocal, and 420 (62.6%) were negative. Ninety percent of the reference PCR-positive patients were tested in the first 5 days after symptom onset. The Altona PCR was performed on 284/671 specimens tested by the reference PCR. The Altona PCR was positive for 53/58 (91%) reference PCR-positive specimens and 16/193 (8%) reference PCR-equivocal specimens; the ZIKV NS5 PCR was positive for all 68 Altona PCR-positive specimens and negative for all 181 Altona PCR-negative specimens that underwent the NS5 PCR. The Altona PCR has very good sensitivity (91%) and specificity (97%) compared to the reference PCR. The Altona PCR can be used for ZIKV diagnostic testing and has less extensive verification requirements than a laboratory-developed test.
37.0) for the prM gene target and 35.9 (IQR, 32.9 to 37.0) for the E gene target. Among the 193 reference PCR-equivocal serum specimens, the prM gene target was detected in 67 (34.7%) specimens (median C T value, 38.3 [IQR, 37.7 to 39.0]), whereas the E gene target was detected in 145 (75.1%) specimens (median C T value, 38.5 [IQR, 37.8 to 39.2]). DENV and CHIKV PCRs were performed on 669/671 serum specimens (specimen volumes were insufficient in two cases). The DENV PCR was positive for 7 specimens and negative for 662 specimens, whereas the CHIKV PCR was positive for 2 specimens, indeterminate for 1 specimen, and negative for 666 specimens.
Among patients for whom the date of symptom onset was available, the median time between symptom onset and specimen collection was 3 days (IQR, 2 to 4 days); 89.6% (43/48) of reference PCR-positive specimens were collected during the first 5 days since symptom onset; the proportion of positive specimens remained stable from day 0 to day 4 and then rapidly decreased ( Fig. 2A) . The distribution of the C T values for the E and prM gene targets by the number of days since symptom onset is shown in Fig. 2B .
The Altona PCR was performed on 284 (42%) serum specimens selected from among the 671 serum specimens previously tested by the reference PCR. Among the 58 reference PCR-positive specimens, the Altona PCR was positive for 53/58 (91%) and negative for 5 (9%) (Fig. 1) ; the results of the NS5 PCR showed 100% positive percent agreement with those of the Altona PCR among the 52 Altona PCR-positive (and reference PCR-positive) specimens with a sufficient quantity to undergo the NS5 gene PCR. Among the 193 reference PCR-equivocal specimens, the Altona PCR was positive for 16 (8%). Among the reference PCR-negative specimens, the Altona PCR was performed on 34 specimens, of which only 1 was positive.
Among the 284 serum specimens selected for testing by the Altona PCR, 70 were positive; the median C T value was 34.4 (IQR, 31.9 to 35.8). Of these 70 Altona PCRpositive specimens, the reference PCR was positive for 53 (76%), equivocal for 16 (23%), and negative for 1 (1%) (Fig. 1) . The NS5 PCR was positive for 68/68 (100%) of the Altona PCR-positive specimens with a sufficient quantity to undergo the NS5 PCR. Among the 214 Altona PCR-negative specimens, the reference PCR was positive for 5 (2.3%), equivocal for 176 (82.2%), and negative for 33 (15.5%); the NS5 PCR was positive for 0/181 (0%) of the Altona PCR-negative specimens tested by this additional method. As was observed with the reference PCR, most (85%; 53/62) of the Altona PCR-positive specimens for which the date of symptom onset was available were collected during the first 5 days of illness. However, 4 specimens collected between day 8 and day 21 after symptom onset were Altona PCR positive and reference PCR equivocal (n ϭ 3) or negative (n ϭ 1).
All 284 specimens tested by the Altona PCR were CHIKV PCR negative, except for 1 specimen that was CHIKV PCR indeterminate; it was Altona PCR negative, reference PCR indeterminate, and NS5 PCR negative. Four specimens were DENV PCR positive, and among these specimens, the Altona PCR was negative for all 4, whereas the reference PCR was positive for 1, equivocal for 2, and negative for 1. The NS5 PCR was negative for all 3 specimens positive (n ϭ 2) or equivocal (n ϭ 1) by the reference PCR. Of the 4 specimens positive by the DENV PCR, 1 was positive for DENV serotype 1 (C T , 19.68) and another was positive for DENV serotype 4 (C T , 21.25); because of the high C T values in the DENV PCR (C T Ͼ 36), we were not able to serotype the virus in the 2 remaining specimens.
Among the 249 serum specimens tested by both the NS5 PCR and the Altona PCR, the Altona PCR was positive for 68 (27.3%) and negative for 181 (72.7%) (Fig. 1) . The Altona PCR showed 100% positive and negative percent agreement with the NS5 PCR for all 249 specimens tested by both methods.
Urine. Among the 50 urine specimens tested by the reference PCR, 8 (16%) were positive, 7 (14%) were equivocal, and 35 (70%) were negative. For the positive urine specimens, the time interval from symptom onset to specimen collection was longer than that for the blood specimens, with the median value being 4 days after symptom onset (IQR, 1 to 11 days); 2/7 of the positive urine samples were collected Ͼ10 days after symptom onset (11 and 12 days, respectively). Among the eight reference PCR-positive urine specimens, all were also positive by the Altona PCR, as were the 5/8 with sufficient remaining specimen retested by NS5 PCR (Fig. 3) . Among the 14 ZIKV-negative urine specimens that were spiked with ZIKV RNA, the detection rate was 100% using the Altona PCR (median C T value, 32.8 [IQR, 32.6 to 32.9]). All reference PCR-equivocal and -negative specimens that were tested by the Altona PCR assay were negative.
Paired urine and serum specimens. Twenty-six paired specimens of urine and serum from 25 patients were submitted for PCR testing. Among the 17 paired specimens tested during the first 5 days of illness using the reference PCR, both the blood and urine of 3 paired specimens were positive and only the urine of 2 paired specimens was positive (the 2 paired specimens were collected on days 2 and 5 after symptom onset). For the 9 paired specimens collected Ͼ5 days after symptom onset, only 1 urine specimen collected 11 days after symptom onset was ZIKV positive; ZIKV RNA was not detected by either the reference PCR or the Altona PCR in blood specimens from this subset of patients if the specimens were collected Ͼ5 days after symptom onset.
Analytical sensitivity, specificity, and LOD. Compared to the reference PCR, the sensitivity and specificity of the Altona PCR for serum specimens were 91.4% (53/58; 95% confidence interval [CI], 84.2% to 98.6%) and 97.1% (33/34; 95% CI, 91.4% to 100%), respectively. We did not determine the analytical sensitivity and specificity for urine, given the small number of specimens available for inclusion in this study. The Altona PCR was negative for all 4 serum specimens known to be positive for DENV RNA. The R 2 value generated from the dilution series was 0.9975. These data informed the inter-and intra-assay reproducibility studies described in the next paragraph. The 95% limit of detection (LOD) for the Altona PCR was determined to be the equivalent of 0.015 PFU/ml of serum (95% CI, 0.004 to 0.982 PFU/ml). The 95% LODs for the E and prM gene targets of the reference PCR were determined to be 0.128 PFU/ml (95% CI, 0.042 to 4.645 PFU/ml) and 0.061 PFU/ml (95% CI, 0.018 to 2.323 PFU/ml), respectively. The 95% LOD of the NS5 PCR was determined to be 0.213 PFU/ml; there were insufficient replicates to generate a 95% CI.
Assay reproducibility. Excellent inter-and intra-assay reproducibility was documented down to 0.005 PFU/ml, with all replicates being detected at this concentration on all 3 days of testing.
DISCUSSION
To our knowledge, this is the first study comparing the commercial Altona Diagnostics RealStar Zika virus rRT-PCR to the CDC-designed dual-target ZIKV rRT-PCR reference assay with a large number of clinical specimens.
After a large number of clinical serum specimens were tested, the Altona PCR showed a sensitivity and a specificity of 91% and 92%, respectively, compared to the reference PCR. It is unclear whether the discrepant results between the 2 PCR assays represent false-positive or -negative results of the reference PCR or the Altona PCR. Even though the NS5 PCR was not used to resolve discrepant results, as recommended by the U.S. FDA (17) , the 100% positive and negative percent agreement of this assay with the Altona PCR may suggest that Altona PCR-negative, reference PCR-positive specimens likely represent specimens false positive by the reference PCR rather than a true lack of sensitivity of the Altona assay. Similarly, all Altona PCR-positive, reference PCR-equivocal specimens were positive by the NS5 PCR, suggesting that they represent specimens false negative by the reference PCR.
According to the manufacturer, the possibility of cross-reactivity of the Altona assay with Usutu virus, another flavivirus, cannot be ruled out due to sequence homology with the target region used for the detection of ZIKV RNA (18) ; even when the Altona PCR was performed on only 4 serum specimens, it did not show any cross-reactivity with specimens confirmed to be positive for DENV RNA by a verified PCR assay in use in PHOL, which provides additional data on the specificity of the assay (19) . Although the number of urine specimens available for this study was small, the Altona PCR performed as well as the reference PCR with this specimen type. Moreover, the fact that the Altona PCR detected ZIKV RNA in 100% of the urine specimens that were spiked with ZIKV RNA provides additional data on the sensitivity of the Altona PCR with urine specimens. Together, these data confirm the reliability of the Altona RealStar ZIKV PCR kit and allow the safe implementation of the assay to expedite testing of clinical blood and urine specimens.
Our data also confirm that viremia is of short duration in most patients. In our study, 89.6% of patients whose serum was PCR positive had blood collected during the first 5 days of illness. This finding is consistent with the findings of previous studies showing that viremia is transient (7, 8, 20) . The positivity rate was somewhat stable from day 0 to day 4 and then rapidly decreased, which correlates with data recently published by Bingham et al. (8) . Interestingly, four serum specimens collected after day 5 were Altona PCR positive and reference PCR equivocal or negative.
Only a small subset of our specimens were urine. This is related to the fact that more than half of the specimens were collected before CDC and Canada's National Microbiology Laboratory (NML) recommended PCR testing of urine, in addition to blood (21) . In our study, almost a third of positive urine specimens were detected Ͼ10 days after symptom onset, which confirms previous data showing that virus shedding in urine continues after the resolution of viremia (8, 20, 22) . Bingham et al. showed that the urine of 82% of patients with confirmed ZIKV disease tested positive after 5 days from symptom onset, whereas the blood of none of the patients tested positive when it was collected after 5 days from symptom onset (8) . Because of the noninvasive character and prolonged shedding of ZIKV in the urine, ZIKV PCR testing of urine may provide better sensitivity during the acute phase of the illness (days 0 to 5 following symptom onset); this is most likely related to the more transient character of the viremia than the viruria. Among 55 patients with ZIKV disease who had both serum and urine collected during the first 5 days following symptom onset, the rates of positivity were 56% and 95%, respectively (8) . Another study with sequential paired urine and blood specimens also showed that urine was more likely to be positive than blood during the acute phase of illness (20) . In our study, only 4 patients with paired serum and urine specimens had ZIKV detected in either blood or urine during the first 5 days following symptom onset: urine was positive in 4/4 patients, whereas blood was positive in 2/4 patients. Despite the very small numbers, this tends to support previous data showing the better sensitivity of urine than blood. However, a recent study with paired specimens collected between day 0 and day 5 after symptom onset reported a positivity rate of 75% in plasma and 61% in urine (23) , which may indicate that plasma is a better specimen than serum or urine during the acute phase of the illness. This should be confirmed in other studies. Interestingly, Lustig et al. recently showed in a small subset of patients that whole blood remained positive for ZIKV RNA longer than serum (24) . The few data on PCR testing of saliva suggest that it is more sensitive than blood but less sensitive than urine (8, 25) . As the ideal specimen for ZIKV PCR testing is not defined yet, CDC currently recommends that RT-PCR be performed on urine and blood specimens collected Յ14 days since symptom onset for all symptomatic patients (26, 27) . Moreover, asymptomatic pregnant women should also be tested by blood and urine RT-PCR within 14 days of the last potential ZIKV exposure and if they are positive for ZIKV IgM antibodies by serology within 2 to 12 weeks of exposure (27) .
The rate of reference PCR-equivocal specimens was very high in our cohort (Ͼ25% of serum specimens). To our knowledge, this has not been previously reported. This is most likely explained by a technical issue at PHOL that we were unable to identify.
The EUA of commercial assays, such as the Altona Diagnostics RealStar Zika virus rRT-PCR test kit, can be of great value in assisting with the response to emerging pathogens. Our data confirm the utility and reliability of the Altona PCR, which can be implemented by laboratories wishing to expedite implementation of ZIKV RT-PCR testing with reduced verification requirements compared with those that would be needed for a laboratory-developed test.
MATERIALS AND METHODS
Definitions. The following definitions were used for analysis: the reference PCR was the dual-target ZIKV rRT-PCR reference assay designed by the U.S. CDC, and the Altona PCR was the Altona Diagnostics RealStar ZIKV RT-PCR test kit (version 1.0; Altona Diagnostics GmbH, Hamburg, Germany).
Study setting. The study was conducted at PHOL, Ontario's reference microbiology laboratory, where all molecular testing for ZIKV is performed for the province, together with the support of Canada's National Microbiology Laboratory (NML). Every clinical specimen that was submitted to PHOL for ZIKV testing between 8 March and 21 July 2016 and that met the criteria for rRT-PCR testing was tested using the reference PCR, and the results were reported for clinical purposes.
Clinical specimens. All specimen types submitted during the study period were included in the study (serum, urine, placenta, cord blood, cerebrospinal fluid [CSF], nasopharyngeal swab, and tissue). Due to the limited number of positive urine specimens, 14 previously tested ZIKV-negative urine specimens were spiked with a commercial ZIKV control (Vircell Technologies, Granada, Spain) quantified to have a stock ZIKV RNA concentration of 100 copies/l. Each 250-l aliquot of urine was spiked with 10 l of the control for a concentration of 4,000 spiked copies/ml of specimen; the spiked urine aliquots were then processed per the standard operating procedures for the Altona PCR.
Reference PCR. The reference PCR was performed as previously described by Lanciotti et al. (7) . Total nucleic acid was extracted from serum and urine specimens using a NucliSENS easyMAG automated platform (bioMérieux, St. Lauren, Quebec, Canada; amount of matrix extracted, 250 l; elution volume, 25 l). PCR was performed on an Applied Biosystems 7900HT Fast real-time PCR system (Thermo Fisher Scientific Inc., Waltham, MA, USA). The positive control (the ZIKV [African strain] RNA-positive control) was supplied by the NML, and the GADPH (glyceraldehyde-3-phosphate dehydrogenase) control was used as an extraction/housekeeping control. On the basis of CDC interpretation criteria, a specimen was considered positive if both primer sets showed amplification with cycle threshold (C T ) values of Յ38.5, whereas a specimen was considered equivocal if only one primer set showed amplification (at any C T value) or if both showed amplification but at least one had a C T value of Ͼ38.5 (7, 10) . To evaluate positivity related to the interval from symptom onset to specimen collection, the reference PCR was used, as more specimens had been tested using this method than the Altona PCR.
NS5 gene PCR and sequencing. All reference PCR-positive and -equivocal specimens underwent an endpoint PCR targeting 191 bp of the ZIKV NS5 gene, regardless of the Altona PCR results, on the basis of a previously published protocol modified by NML (28) . Bidirectional Sanger sequencing of the PCR product was completed with the same primer set using a BigDye Terminator (version 3.1) cycle sequencing kit and an ABI Prism 3730XL genetic analyzer (Applied Biosystems). Sequencing was performed on all early specimens and subsequently on later specimens only if a band was visualized on the endpoint PCR. Sequences were analyzed using Vector NTI Advance software (Life Technologies, CA) and aligned with those of the reference strains.
Altona PCR. All serum and urine specimens testing positive or equivocal using the reference PCR, as well as a convenience sample of specimens testing negative using the reference PCR, were retested using the Altona PCR, which targets the NS1 gene (personal communication with the manufacturer), according to the manufacturer's instructions (18) . The PCR was performed at PHOL on an Applied Biosystems 7500 real-time PCR system (Thermo Fisher Scientific Inc., Waltham, MA, USA). Extraction was performed as described above for the reference PCR; the positive control and the extraction control were provided by the manufacturer. The assay runs 45 cycles; any specimen for which the sigmoidal curve crosses the set fluorescence threshold is considered positive. There is no indeterminate range for this assay.
The gene locations targeted by the reference PCR, Altona PCR, and NS5 PCR are shown in Fig. 4 . Analytical sensitivity, specificity, and LOD. The sensitivity and specificity of the Altona PCR were determined by comparison to the reference PCR; reference PCR-equivocal specimens were excluded from the sensitivity and specificity analysis. The cross-reactivity of the Altona PCR was determined by testing a small set of specimens positive for DENV RNA. Analyses of the 95% limit of detection (LOD) of all 3 assays (reference PCR, Altona PCR, and NS5 PCR) were performed using total nucleic acid extracted from an inactivated ZIKV culture suspension provided by the NML for use as a positive PCR control. The stock suspension obtained from the NML was provided at 5 ϫ 10 6 PFU/ml. Extraction of the intact virus suspension was performed on the easyMAG platform per the standard ZIKV testing protocols at PHOL, generating a neat total nucleic acid preparation containing the equivalent of 5 ϫ 10 6 PFU/ml (assuming full recovery of viral RNA during extraction for the purposes of the 95% LOD estimate). Serial 10-fold dilutions of the initial undiluted ZIKV total nucleic acid preparation (5 ϫ 10 6 PFU/ml) were prepared using nuclease-free water. The dilutions ranged from 10 Ϫ1 to 10 Ϫ12 . Each replicate dilution was tested using the Altona PCR and the reference PCR, and the mean C T value for each dilution in the series was calculated. The 95% LOD of the NS5 PCR was also assessed using the generation of a PCR band and confirmation by Sanger sequencing as successful detection of each replicate at each dilution. The 95% LOD was calculated using Probit regression (IBM SPSS Statistics for Windows, version 24.0, released in 2010; IBM Corp., Armonk, NY).
Assay reproducibility. Reproducibility studies were performed over three sequential days. The reproducibility panel consisted of serial 10-fold dilutions of extracted ZIKV total nucleic acid tested in triplicate on each testing day. The dilution range was determined by the 95% LOD studies and included serial dilutions of between 5 ϫ 10 Ϫ6 and 5 ϫ 10 Ϫ10 PFU/ml, which were immediately above and below the 95% LOD, respectively.
